The effects of testosterone on coronary vasomotor regulation have been described by several recent reports. Here we investigated changes in serum androgen levels during and after cardiopulmonary bypass (CPB) in patients who had undergone coronary artery bypass surgery. Serum luteinizing hormone, free testosterone and dihydroepiandrestenedione sulphate (DHEA sulphate) levels were evaluated in 38 male coronary artery bypass surgery patients using a chemical immunoassay technique. All hormone levels were corrected to account for haemodilution. Serum-free testosterone level decreased significantly during weaning from CPB (from 15.7 ± 4.2 nmol/l to 6.2 ± 2.8 nmol/l), and an even greater decrease was observed in the first post-operative day (5.4 ± 3.1 nmol/l). On the seventh post-operative day, free testosterone levels reached a normal value (11.8 ± 5.5 nmol/l), although they were still significantly lower compared with the pre-operative value. There were slight alterations in serum DHEA sulphate levels, although the only significant decrease occurred from the first to the seventh day post-operation (from 4.7 ± 2.2 µmol/l to 3.7 ± 1.8 µmol/l, respectively). Serum luteinizing hormone levels were decreased during weaning from CPB (from 4.8 ± 2.1 mIU/ml to 3.9 ± 1.8 mIU/ml), but increased rapidly to the pre-operative value (5.5 ± 2.5 mIU/ml) at the first post-operative day. These results show that CPB affects serum luteinizing hormone, free testosterone and dihydroepiandrestenedione sulphate levels. The free testosterone level decreases significantly both during and after CPB surgery.
Introduction
Cardiopulmonary bypass (CPB) for openheart surgery differs from other surgical procedures in that it involves a period of extracorporeal circulation with circulatory bypass of the patient's heart and lungs. Important haemodynamic, metabolic and endocrine changes occur both during and following CPB. 1 The purpose of this prospective study was to assess the effects of CPB on androgen levels, particularly testosterone, since alteration of androgens by CPB surgery has not been reported previously.
Androgen hormones include dihydroepiandrestenedione (DHEA), DHEA sulphate, androstenedione, testosterone and dihydrotestosterone. 2 Quantitatively, the most S Canbaz, T Ege, H Sunar et al.
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important androgen is testosterone. 2, 3 In the blood, testosterone exists in a free (unbound) state and bounds to serum proteins. 2 The majority of unbound testosterone can be determined and is a more direct measure of circulating biologically active testosterone than the total plasma level. 2 Over 95% of testosterone is secreted by the testicular Leydig cells and the remainder is derived from the adrenal glands. 4 DHEA sulphate is secreted by the adrenal glands and is the precursor of testosterone. 2, 3 Testosterone leaves the circulation and rapidly traverses the cell membrane. In the most androgenic target cells, testosterone is enzymatically converted to the more potent androgen derivatives, dihydrotestosterone and oestrogen, by the microsomal isoenzyme 5α-reductase. 2, 3 Serum luteinizing hormone (LH) levels show greater variation than testosterone during the course of the day. It is suggested that androgen receptors are present in cardiac myocytes and that both testosterone and DHEA sulphate may lead to hypertrophy in these cells. 4
Patients and methods

PATIENTS
Male patients between the ages of 50 and 70 years with cardiac contractility within the normal range (ejection fraction > 50%) who were undergoing cardiac bypass surgery were included in this trial. Patients had to have normal secondary sexual characteristics and no history of sexual dysfunction. Patients who had received any pre-operative medication that interferes with androgen or steroid metabolism were not included in this study. The committee on studies involving the use of humans at our institute approved our study design and each subject gave their informed consent in writing.
CARDIOPULMONARY BYPASS SURGERY
All operations were performed in the morning. Patients were pre-medicated with midazolam and additional midazolam was administered intravenously in 1 mg increments on an as-needed basis in order to achieve adequate sedation during the placement of monitors and invasive catheters. The patients received standard general anaesthesia with midazolam, etomidate, fentanyl and pancuronium. Patients were ventilated with oxygen in air. Ventilation was set to a tidal volume of 8 ml/kg and a respiratory rate of 12/min. Cardiopulmonary bypass with moderate haemodilution (haematocrit 20 -28%), flow rates of 2.2 -2.4 l/min/m 2 and mean pressure 60 -80 mmHg were used. Pump prime solution was 1 l of 0.9% sodium chloride. After the patients were heparinized by a 3 mg/kg bolus injection, the CPB circuit was initiated with a roller pump and non-pulsatile flow technique. CPB was maintained with moderate hypothermia (28 -30º C). Standard antegrade cold crystalloid cardioplegic agent and topical cardiac hypothermia were applied to all patients.
Patients were weaned off the ventilator as soon as they appeared haemodynamically stable. After weaning, mean arterial pressure was maintained above 60 mmHg with colloid loading and appropriate vasoactive drugs. Treatment in the intensive care unit was given according to institutional standards.
MEASUREMENT OF ANDROGEN LEVELS
Blood samples were collected through a peripheral vein line at the following time points: 5 days before the operation, just before the anaesthetic induction, just after weaning from CPB, at the end of the operation, first and seventh post-operative days. Ten millilitres of whole blood were S Canbaz, T Ege, H Sunar et al.
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collected in plain tubes at the same time in the morning for determination of hormone levels. Additionally, blood haematocrit values were measured and recorded concomitantly in all patients.
The serum-free testosterone, DHEA sulphate and LH measurements were analysed by the chemical immunoassay technique (with DPC analysis system, LA, USA), using an Immulite 2000 analyser (BIODPC-USA, LA, USA). Reference values were as follows: (i) Free testosterone, 7.4 -26.2 nmol/l (analytic sensitivity, 0.3 nmol/l); (ii) DHEA sulphate, 2.8 -15.2 µmol/l (analytic sensitivity, 0.03 µmol/l); (iii) LH, 0.8 -7.6 mIU/ml (analytic sensitivity, 0.05 mIU/ml). As we needed to consider the haemodilution following and during CPB, hormone levels detected at the end of the operation and following CPB were correlated with blood haematocrit levels and corrected accordingly. All three corrected hormone levels were compared at the following time points: 5 days pre-operatively, pre-anaesthesia, during the period of weaning from CPB, and at the end of the operation and first and seventh post-operative day.
Thus, on the basis of pre-operative haematocrit values, hormone values at these time points were increased in reverse correlation to the appropriate haematocrit levels. The following formula was utilized for this purpose: 
STATISTICAL ANALYSIS
All statistical analyses were evaluated using variance analysis, and a P-value of < 0.05 was considered statistically significant. Data are presented as mean ± SD.
Results
Forty male patients were included in this trial. Their mean age was 59.9 ± 8.5 years (range, 51 -68 years) and mean body weight, 84 ± 10 kg (range, 65 -96 kg). Two of the patients needed mechanical support at the end of the bypass surgery and were excluded from the rest of the study.
No major bleeding occurred when the patients were weaned off the ventilator and all patients were normothermic and conscious. The post-operative course was free of complications in all cases.
During convalescence, all patients were haemodynamically stable and were discharged on the seventh day. Pre-operative mean ejection fraction of patients was 64.4 ± 13% angiographically and the average CPB time was 97.2 ± 28 min.
There was prominent decrease in blood haematocrit levels due to haemodilution accompanying CPB (24.4 ± 3.1%), whereas pre-operatively, blood haematocrit levels were within normal limits (39.2 ± 3.4%). Post-operative haematocrit values were in the accepted normal range only in the first post-operative day (32.6 ± 2.8%).
All patients had normal androgen and LH levels pre-operatively. Just prior to anaesthetic induction on the morning of the operation, androgen levels altered slightly, but these changes were not statistically significant.
However, at the weaning period of CPB, the end of the operation and the first postoperative day, serum testosterone levels decreased significantly from 15.7 ± 4.2 nmol/l to 6.2 ± 2.8 nmol/l, 6.0 ± 4.9 nmol/l and 5.4 ± 3.1 nmol/l, respectively (P < 0.01). On the seventh day, serum testosterone levels increased to 11.8 ± 5.5 nmol/l (P < 0.01). Changes in the serum DHEA sulphate levels
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were not significant for the first five periods. However, serum DHEA sulphate levels decreased from 4.7 ± 2.2 µmol/l for the first post-operative day to 3.7 ± 1.8 µmol/l on the seventh post-operative day (P = 0.048). Serum LH level was 3.9 ± 1.8 mIU/ml at weaning from CPB intra-operatively and 3.8 ± 1.6 mIU/ml at the end of the operation, although this value increased rapidly to 5.5 ± 2.5 mIU/ml at first post-operative day (P < 0.05). These data are summarized in Table 1 .
Discussion
The effects of androgen hormones on the cardiovascular system have not been investigated in detail. Similarly, the effects of cardiovascular system disorder on androgen metabolism remain to be elucidated.
Several studies indicate that testosterone levels are lower in men with coronary artery disease compared with those free from angiographic disease. 5, 6 Additionally, it has been demonstrated that plasma oestradiol and oestron levels increase and plasma testosterone levels decrease in acute myocardial infarction patients. 7, 8 The importance of androgens on ischaemic heart disease has been investigated by several researchers and acute testosterone administration has been shown to have a beneficial effect in men with ischaemic heart disease by decreasing exercise-induced ischaemia. 9 -11 Studies on coronary vasomotor regulation demonstrated testosterone-induced coronary artery dilatation and improved coronary blood flow. 12 -14 This relaxation mechanism was independent of endotheliumrelated factors and potassium channel modulation. 12 Several hormonal and metabolic changes following cardiac surgery have been investigated in detail. It has been reported that while levels of growth hormone, glucose, insulin, cpeptide, lactate, glutamate, aspartate and total amino acid levels increase after CPB, levels of thyroid hormones, especially T3, decrease. 15 -17 Blood cortisol and adrenocorticotrophin metabolism after cardiac surgery has been investigated in adults, and it was hypothesized that major surgical trauma causes inactivation 
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of cortisol and that cortisol persists in high levels post-operatively. 18, 19 Another study suggested that there was no effect of systemic intraoperative hypothermia on the acute phase and endocrine response to cardiac surgery except adrenaline. 20 There is little information available on changes of androgen hormones following cardiac surgery, which is why the effects of CPB on serum androgen hormone concentrations were investigated in this study. The age range in our patient population was limited to 50 -70 years since androgenic hormone levels may vary according to age. 2, 3 Significant decrease in levels of all blood components and hormone levels due to haemodilution is inevitable in open-heart surgery. 21 In order to overcome this haemodilutional effect and to determine the absolute hormone levels, hormone values were corrected when the haematocrit levels were significantly low.
The data in this prospective study demonstrated a significant decrease in serum-free testosterone concentration during the CPB weaning period, at the end of the operation and on the first post-operative day when compared with pre-operative values. The decrease in testosterone levels during the CPB weaning period and early post-operative period was independent of haemodilution during CPB. Haemodilution in intravascular volume was eliminated in the first post-operative day and the testosterone level decreased further. This suggests that serum testosterone levels declined after CPB. One week after the operation, serum testosterone level reached normal levels; although there was a statistically significant difference when the pre-and post-operative values were compared (P < 0.05).
Serum DHEA sulphate level decreased significantly on the seventh post-operative day compared with the pre-operative and first post-operative day values. There was a rapid increase in serum testosterone levels during the post-operative period. During this fast synthesis and secretion phase of testosterone, it is supposed that DHEA sulphate would be rapidly utilized as a precursor of testosterone.
Serum LH levels decreased during the operation compared with the pre-operative values. This may be related to the haemodilutional effects of CPB or hypoperfusion of pituitary gland during CPB. There are two possible causes for the increase in serum LH levels: first, the rapid improvement of pituitary-gland perfusion during the postoperative period; and secondly, the fast release of LH from the pituitary gland in response to decreased levels of serum testosterone.
In conclusion, CPB affects serum androgen and LH levels. Testosterone, the most important androgen derivative, decreases considerably during and after CPB, and increases progressively during the post-operative period. These observations may have important clinical implications if considered in conjunction with other clinical findings regarding the effects of testosterone on coronary vasomotor regulation. Further studies are needed to investigate the effects of androgen hormones on the cardiovascular system, particularly testosterone. The effect of acute testosterone administration on coronary arteries and cardiovascular haemodynamics both during and after CPB should be investigated further. 
